From a strain of Bacillus subtilis a new antifungal peptidolipid complex of the iturin group was isolated. This antibiotic complex contained six lipophilic j3-amino acids with 3-amino-14-methylpentanoic acid as the predominant component.
Institut fur Organische
Chemie, Universitat Tubingen, Auf der Morgenstelle 18, D-7400 Tubingen, FRG (Received for publication July 7, 1983) From a strain of Bacillus subtilis a new antifungal peptidolipid complex of the iturin group was isolated. This antibiotic complex contained six lipophilic j3-amino acids with 3-amino-14-methylpentanoic acid as the predominant component. Iturin AL contains: 2 D-Asp, 1 L-Asp, 1 L-Glu, 1 L-Pro, I L-Ser, 1 D-Tyr and a mixture of 2.9 % iso-C, -~-amino acid, 30.7 % n-C14-(3-amino acid, 15% iso-C1,-(3-amino acid, 9 % anteiso-C,,-(3-amino acid, 35.3% iso-C16-/3-amino acid and 4.5 % n-C16-(3-amino acid. The structures of the p-amino acids were determined by combined GLC/MS. FAB mass spectroscopy revealed three M+H+ peaks (1,043, 1,057, 1,071). Iturin AL could be resolved into six components by HPLC whose structures confirm the high amount of long chain (3-amino acids.
Cyclic peptidolipidic antibiotics of the iturin group, such as iturin A and iturin C, have been isolated and described by PEYPOUX, DELCAMBE and co-workers1.1,1). Recently the structures of the R-amino acids of iturin A isolated from two different Bacillus subtilis strains were compared by mass spectroscopy and 13C NMR4). These data revealed that iturin A is composed of a constant set of a-amino acids and a collection of 3-amino acids in which the C14 Q-amino acids and C15-p-amino acids predominate. The present investigation, however, shows that there exist B. subtilis strains, which, under identical media and growth conditions, biosynthesize a mixture of homologous peptides in which the C16-ji-amino acids prevail.
Fermentation
The strain B. subtilis (Al 14), isolated from a lake in Tubingen, was maintained as an agar slant culture on YMG-agar, containing per liter: 4 g yeast extract, 10 g malt extract and 4 g glucose (autoclaved separately within 1 hour. After evaporating with nitrogen, the residual amino acid isopropyl esters were acylated with 50,u] pentafluoropropionic acid anhydride in 250 td dichloromethane for 1 hour, dried and analyzed by gas chromatography (Fig. 1) .
Analysis of the S-Amino Acid
The long chain R-amino acids were analyzed by combined gas chromatography-mass spectrometry, 
13C NMR Spectroscopy
The J-modulated spin echo 13C NMR spectrum at 22.6 MHz of iturin AL (Fig. 4) shows carbonyl resonances at 170.2-174.4 ppm, due to the peptide and amide carbon atoms of the cyclic peptide ring.
The signal at 155.7 is assigned to the aromatic C-4 of tyrosine and C-3/C-5, C-1, C-2/C-6 absorb at 129. Using the data from n-hexane, 2-methylpentane and 3-methylpentane we were able to assign the observed resonances of the aliphatic region of iturin AL. Thus the signals at 13.9 ppm and 22.5 ppm could be assigned to the terminal methyl and the branched methyl of n-and iso-p-amino acids. The signals at 27.3 ppm and 35.0 ppm could be assigned to the methine group of the iso-and anteiso-(3-amino acids. The corresponding ppm values for the subterminal CH,-groups were assigned as follows: 45.6
ppm (C-p), 42.0 ppm (C-1). The methylene carbons of the middle part of the chain absorb at 29.0 ppm.
HPLC -Separation and FAB Spectrum
The individual compounds of iturin AL, containing different P-amino acids, could be separated by HPLC on a Ultrasphere column (ODS, 25 cm, 2.6 mm ¢) using acetonitrile -ammonium acetate (10 mm)
as an eluting solvent system (Fig. 5 ). The elution profile was similar to that observed during GLC separation of the isolated P-amino acids, with the exception of the C15-j3-amino acids. A small amount (0.4 %) of n-C15-p-amino iturin AL could also be detected during HPLC analysis. The FAB spectrum (Fig. 6 ) of iturin AL yielded three M+H+ peaks (1,043, 1,057, 1,071), corresponding to the homologous compounds with an equivalent chain length. 
Biological Properties
The antifungal activity of iturin AL was determined in YMG-medium containing increasing amounts (2 -20 p.g) of iturin AL. The resulting MIC values are given in Table 1 . The values observed for iturin AL were generally lower than those reported by BESSON and coworkers6) for iturin A, which may possibly be due to the altered 13-amino acid composition. Myristic acid and cholesterol revealed a significant antagonistic effect. The hemolytic activity was assayed with human blood, washed with 3.8 % Nacitrate and diluted 1: 10 with phosphate buffer (10 mm phosphate, 154 mm NaCI, pH 7.2). Lysis was determined in a buffer containing 2.5 mm phosphate, 141 mm NaCI, 1 mm KCN, 0.6 mm K3Fe (CN)6 and increasing amounts of iturin AL (methanolic solution). Fifty %-hemolysis occurred at 10 tcg/ml.
Several derivatives of iturin AL were prepared, which will be described in detail elsewhere.
Acetylation and methylation of the tyrosine completely abolished the antifungal activity. However the methylated iturin AL revealed a slight synergistic effect on the antifungal activity of iturin AL. The nitro-and amino-derivatives were also inactive. After iodination of the tyrosine residue, the antifungal activity was decreased, but still detectable.
Discussion
Several cyclic peptidolipidic antibiotics which have been isolated from B. subtilis strains are known as iturin, bacillomycin, mycosubtilin and subsporin7). These antibiotics differ in their a-amino acid composition. If variations of the a-amino acids occur, without alteration of the main characteristics, the compounds are subgrouped by capital letters, e.g. iturin A, iturin C or bacillomycins L, F, D. Iturin AL, described in the present investigation, contains an unusual (3-amino acid composition, which has not been observed in other iturins. Contrary to the iturins isolated from other strains, in which C14-and C15-, 8- 
